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leading to neurofilament-filled swellings.
Recently, Valentine and colleagues
have shown that carbon disulfide also
results in protein cross-linking, although
by a different mechanism from n-hexane.
The initial dithiocarbonate adduct formed
on protein decomposes to isothiocyanate
derivatives, which then react with protein
nucleophiles (electron-donating reagents)
to result in cross-linking.
During chronic intoxication with
either hexane or carbon disulfide, covalent
cross-linking ofproteins in the axon is par-
alleled by cross-linking of spectrin, a red
blood cell membrane protein. This finding
suggests that exposed populations could be
evaluated through periodic blood sam-
pling, and the quantity of spectrin cross-
linking could be used to identify people in
danger ofdeveloping neurotoxicity.
In the United States and other indus-
trialized nations, instances ofdamage from
hexane and carbon disulfide exposure have
almost disappeared thanks to protective
measures in the workplace and substitution
of other chemicals. Processes using either
of these chemicals are typically sealed off
and ventilated separately. Workers who
occasionally work around these processes
must wear respirators. Workers that have
physical contact with products, such as
rayon, that may contain small concentra-
tions of hexane or carbon disulfide, wear
protective clothing and gloves.
Both industry and labor groups have
expressed interest in the recent findings.
"We still have locals who use these chemi-
cals, and any information as to how expo-
sure leads to neuropathy can help us in
training workers how to protect them-
selves," said Rich Uhlar, industrial hygien-
ist with the International Chemical
Workers Union. Uhlar said the ICWU is
particularly interested in findings that
might allow a simple blood test to be used
as a biomarker ofexposure.
John Stewart, president of Courtauld
Fibers in Axis, Alabama, uses carbon disul-
fide in the manufacture of rayon in his
plant. "Any information that would lead us
to better understand how carbon disulfide
is metabolized-particularly the reversibili-
ty of the condition-is of value to us,"
Stewart said.
Cleaner Air in Volgograd
There was a time when the city of
Volgograd was a mecca for Russian citizens
suffering from respiratory problems such as
asthma. There, along the banks ofthe river
they fondly called Mother Volga, Russians
could find an ideal dry climate and clean
air. But in the last several decades, the
Volga River's character has changed: today,
it is a highly polluted receptacle for indus-
trial, agricultural, petrochemical, and
radioactive wastes dumped along its 2300-
mile stretch from the north of Moscow to
the Caspian Sea.
In mid-1993, Volgograd was chosen as
the test site for the initial phase of a four-
year Russia Air Management Program
(RAMP), a joint U.S. Agency for Inter-
national Development (USAID)-EPA pro-
ject working with the Russian Ministry of
Environment and Nature Protection.
Before deciding on Volgograd, a team of
American and Russian scientists evaluated
several other Russian industrial centers,
including Lipetsk, Samara, and Nizhny
Novgorod, but only Volgograd had such a
large number ofdifferent kinds ofpolluters.
Long and narrow, the city ofVolgograd
stretches for 70 miles along the river's west
bank a few hundred miles north ofits delta.
Clusters ofheavy industry follow the city in
a checkerboard pattern from north to south,
including a steel mill and iron foundries,
aluminum reduction and carbon black
manufacturing plants, a caustic soda manu-
facturer, several chemical factories, a petro-
leum refinery, and large-equipment manu-
facturing facilities.
"It was this variety of sources that
made us choose Volgograd," says Tom
Pace, the EPA's program manager for
RAMP, managed by the EPA Office ofAir
Quality Planning and Standards. "This
way the city can be used as basically a
palette, allowing the Russians to look at
how they can deal with many different air
pollution problems. It can give us a lot of
flexibility."
RAMP is one of the first federal pro-
jects funded under the 1993 U.S. Freedom
Support Act (FSA) and administered by
USAID. Initial FSA allocations for envi-
ronmental projects totaled $35 million, of
which EPA was granted approximately
one-third, according to Ken Baum, a
USAID senior environment policy advisor.
Among its many tasks, the research team
will look at ways to improve monitoring
air pollution levels, the regulatory process,
and the role ofpublic participation, as well
as make technical recommendations.
Successful approaches will be applied to
other Russian industrial centers where
appropriate.
"We have a whole environmental
health strategy that we're evolving," says
Michelle Brown, USAID senior environ-
ment advisor in Moscow. "Our main
objectives are to first reduce the health
risks caused by pollution by helping to
improve the air quality in Volgograd. Then
we will apply that strategy to Russia as a
whole."
Still in its genesis, the program includ-
ed several U.S./Russian trips to factories in
Volgograd during 1993 and early 1994. As
part of its short-term recommendations,
the team will stress low-cost/no-cost con-
trol measures that can be put into effect
quickly. For example, during a visit to a
farm equipment factory, the team suggest-
ed changing the nozzles used to spray paint
tractor parts in order to reduce organic
emissions. In another plant, they deter-
mined that a larger hood over an electric
arc furnace would greatly improve the cap-
ture and conduction of fumes and smoke
to an existing emissions control device.
Both the new nozzles and hoods can be
made in Russia.
"We're hopeful that a lot ofshort-term
improvements can be made using Russian
materials and Russian labor because they
have the workers available but not the
money to purchase equipment from
abroad," says Pace. "In the long term,
however, they may need to buy specific air
pollution control equipment from vendors
on the outside."
In October 1993, the team conducted
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its first air quality evaluation tests in
Volgograd, using an American air quality
sampler that can measure inhalable partic-
ulates at the PM10 level, a standard signify-
ing particulate matter less than 10 millime-
ters in diameter. Until now, the Russians
were unable to measure particulates this
small. EPA researchers are currently ana-
lyzing the filters from those experiments to
determine the precise nature and sources of
the city's pollutants and to make further
recommendations.
"The Russian monitoring systems and
standards are currently configured much
differently than ours," says Jon Schweiss,
chief of the EPA air characterization sec-
tion based in Seattle and member ofthe air
quality evaluation team in Volgograd. "But
now they are considering suspending their
total particulate standard and replacing it
with one similar to our own. Throughout
this program, we've found the Russians to
be very open to new ideas-just tremen-
dously motivated and professional."
IARC on Risk
The International Agency for Research on
Cancer of the World Health Organization
held a five-day workshop in Lyon, France,
to discuss quantitative estimation and pre-
diction of carcinogenic risks (QEP). The
purpose of the workshop was to provide
IARC with some guidance concerning the
role they may play in providing research
support for QEP and on whether they
should expand their current risk assessment
activities to include QEP.
There has been increasing pressure on
[ARC in recent years to expand the mono-
graph program, which evaluates the
strength of the evidence for a carcinogenic
effect from an agent and generally does not
quantify the magnitude of that effect as a
function of the level of exposure to the
agent. In the standard paradigm for risk
assessment, QEP involves adding dose-
response evaluation and exposure assess-
ment to IARC's current hazard identifica-
tion role.
The workshop, held 18-22
October 1993, consisted of40
researchers and regulatory offi-
cials from North America,
Europe, Japan, and Australia.
The first three days of the
workshop focused on a review
of the methodology used for
QEP. The review consisted of
a general discussion of the
methods and the use of QEP
performed for three example
compounds: dioxin, radon,
and methylene chloride. Fol-
lowing the review, the work
group broke into four smaller
groups to draft background summaries on
QEP and to draft recommendations for
IARC.
The main recommendations of the
working group can be summarized as fol-
lows. First, the hazard indentification
process currently used by IARC for deter-
mining if an agent is carcinogenic should
be preserved in its present form. The work-
ing group felt that adding QEP to the cur-
rent IARC monograph program would
lead to a process that is unwieldly and dif-
ficult to manage. The working group also
said that the addition of QEP to the cur-
rent monograph series could detract from
its scientific excellence. However, the
group did say that IARC can and should
play a key role in risk estimation.
The second recommendation con-
cerned a variety of roles IARC could play
with regard to improving the scientific
validity of QEP. These include basic
research on QEP, a symposium on research
issues related to QEP, performance of
QEP for selected compounds, and the
publication of reports from these activities
in their IARC Monograph Series.
New Directions for IARC
The cornerstones ofepidemiology and lab-
oratory research will remain vital aspects of
the International Agency for Research on
Cancer, according to Paul Kleihues, who
assumed the IARC directorship in January.
While the agency intends to keep the bal-
ance between epidemiology research and
laboratory research, study will be expanded
in the area of cancer genetics, which
Kleihues called "traditionally underrepre-
sented," in a new unit to be created this
year.
According to Kleihues, the agency
plans to decrease its efforts in the areas of
mutagenesis and DNA adduct studies, pro-
grams [ARC has strongly developed in the
past, to allow for considerable expansion
into new aspects ofcancer research.
The first of these new areas will be a
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Kleihues New director
seeks expansion of IARC.
new agency unit devoted to
studying the molecular aspects
of cancer, specifically genetic
susceptibility. Said Kleihues,
"We want to identify genes
which predispose people to
developing cancer, whether it
is spontaneous or induced by
exposure to environmental
carcinogens." For instance, he
added, "Many people smoke,
but only a small portion of
those develop lung cancer.
We want to know why 10 out
of 11 do not get cancer." The
new unit will also attempt to
identify in certain populations whether
there are genes that may protect people
from developing cancer.
Although considerable progress has
been made in the area ofchemoprevention
in the last three to four years, Kleihues
says, it is not enough. "Ifon the one hand
you can identify people at risk for cancer,
then on the other hand you must offer
these people some means to prevent it," he
said. For this reason, said Kleihues, IARC
will expand research into chemoprevention
ofcancer in a new unit that will investigate
prevention strategies for individuals who
are at high risk for developing cancer
because they are genetically predisposed,
have been exposed to high levels of envi-
ronmental carcinogens, or have developed
a single tumor in a site where multiple
tumors usually occur.
Kleihues outlined plans for the IARC
Monograph Series, which he called "one of
the more important and visible aspects of
the agency over the last 20 years." In a
move which he calls "a first and modest
step towards risk assessment," the series,
which in the past has been devoted to clas-
sifying carcinogenic agents based primarily
on animal and human data, will be
expanded to include data on mechanisms
of carcinogenesis. Understanding such
mechanisms, said Kleihues, is key to deter-
mining what agents will produce cancer in
humans. He stressed, however, that in the
foreseeable future, the agency "will not
engage in quantitative risk assessment."
Kleihues, who replaces Lorenzo
Tomatis as director ofIARC, obtained his
medical degree in 1962 from the
University of Munster in Westphalia,
Germany. From 1964 to 1976 he worked
as a research assistant at the Max-Planck
Institute for Brain Research in Cologne.
Kleihues served as a professor of neu-
ropathology and head of the Division of
Neuropathology in the Institute of
Pathology at the University ofFreiburg, in
Germany, from 1976 to 1983. In 1983 he
became a professor of neuropathology at
the University of Zurich and in 1992
assumed the directorship ofits newly creat-
ed Institute of Neuropathology before
leaving to take his position at IARC.
Kleihues called departing director
Tomatis the "father of the monograph
series" and says that the international
standing ofthe series is due in great part to
Tomatis's efforts. To his credit, Kleihues
said, Tomatis kept IARC an independent
institution, not subject to political or
national influences, which he called "a
remarkable achievement," and a goal he
plans to continue.
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